Photons are an important information-conveyance medium for enhanced computers and communications based on quantum mechanics. Filtering multiple photon states is a key capability in quantum-information science and technology, where onequantum binary-digit (one-qubit) filters, or polarizers, have found wide application. Filtering based on the correlation or entanglement of photons requires multi-qubit filters with qubitqubit interactions.
Photons are an important information-conveyance medium for enhanced computers and communications based on quantum mechanics. Filtering multiple photon states is a key capability in quantum-information science and technology, where onequantum binary-digit (one-qubit) filters, or polarizers, have found wide application. Filtering based on the correlation or entanglement of photons requires multi-qubit filters with qubitqubit interactions.
We demonstrate an optical-entanglement filter that passes a pair of photons if they have the desired polarization correlations. 1 The entangling capability of the filter was verified, distinguishing it from classical ones. Because our entanglement filter acts on photonic qubits, it is promising for quantum technologies, since photons are the logical choice for communication, metrology, and lithography. For example, the filter can be used to create and purify entanglements (see Figure 1 ), which will be important in realizing quantum relays and repeaters for longdistance communication. Furthermore, the optical quantum circuit is one of the world's largest in terms of both the number of gates and classical interferences. This achievement shows potential for developing a variety of circuits.
Such a device has been proposed for photonic qubits. 2 However, the technical requirements to build an optical circuit with two ancillary photons and multiple quantum gates, requiring both quantum and classical interferences in several nested interferometers, have been lacking.
We overcame these difficulties by combining two key recent technological approaches, a displaced-Sagnac architecture 3 and partially polarizing beam splitters (PPBSs). 4 The PPBSs reflect vertically polarized photons perfectly while transmitting or reflecting horizontally polarized photons with 50% probability. Replacing all beam splitters with PPBSs, we successfully removed two optical paths. The remaining optical-path interferometer was realized as a displaced-Sagnac setup (see Figure 2 ). All four polarization modes of the two input photons passed through all optical components inside the interferometer so the path differences of the four polarization modes were robust against optical-component drifts or vibrations.
First, we checked the essential operation of the filter circuit. We prepared input signal photons in the four combinations of horizontal (H) and vertical (V) polarizations, and observed how the circuit filtered them (see Figure 3) . It was clear from experimental data that the photon pairs were transmitted through the filter when the two input photons shared the same polarization (HH or VV). Most were filtered out when the two input photons had different polarizations (HV or VH). The fidelity of this process can be defined as the ratio of correctly transmitted to the total number of transmitted photon pairs. For the filter's operation on horizontal and vertical polarizations, the fidelity was 0.80.
The entanglement filter will be a key element in controlling multi-photon quantum states in applications such as quantum communications and information processing. For present performance tests of the quantum-filter circuit, we used threshold detectors to monitor the output state. For applications where the output state cannot be monitored, high-efficiency, numberresolving photon detectors could be used to generate the heralding signals. Such a circuit could be used for on-demand generation of entangled photons or nondestructive entanglement purification. It could be implemented using an integrated waveguide architecture. We are currently using similar techniques to realize different types of quantum circuits for novel future applications. 
Continued on next page

